Because conventional body mass index (cBMI) does not reflect fluid accumulation, modified BMI (mBMI, serum albumin multiplied by cBMI) is a more accurate measure of malnutrition status. This study aimed to determine whether mortality after intensive care unit (ICU) admission was associated with cBMI, mBMI, and/or serum albumin levels. The medical records of patients who were admitted to a tertiary hospital ICU between 1 January 2012 and 31 July 2016 were retrospectively reviewed. In total, 6169 ICU-admitted patients were included in the analyses. Multivariate Cox regression analyses revealed that low cBMI, mBMI and albumin level were significantly associated with 30-day and 1-year mortality after ICU admission (hazard ratio < 1.0, p < 0.05). The adjusted area under the curve (AUC) of mBMI for 1-year mortality was significantly higher than that of cBMI (p < 0.001), but not significantly different from that of albumin level (p = 0.098). Low values of mBMI, cBMI and albumin were independently associated with 30-day and 1-year mortality after ICU admission. Combining cBMI and albumin (mBMI) did not increase the validity of the AUC of albumin for 1-year mortality after ICU admission. Our study showed that serum albumin alone, rather than mBMI (combining cBMI), is recommended in predicting mortality among ICU patients.
Introduction
Malnutrition is related to prognosis and mortality among patients admitted to all types of intensive care units (ICUs) [1] , including medical and surgical ICUs [2, 3] . Thus, various methods have been developed to evaluate nutritional status and predict prognosis among these patients, with conventional BMI (cBMI) and serum albumin levels being widely used in this setting [4, 5] . A multicenter prospective cohort study revealed that low cBMI was associated with increased mortality among ICU-admitted patients [6] , and a retrospective observational study revealed that low serum albumin levels at ICU admission were associated with patient prognosis [7] .
Although serum albumin and cBMI may help identify malnutrition at ICU admission, their efficacy has been questioned [8, 9] . For example, although cBMI reflects obesity and the patient's general physical status, it does not reflect fluid balance, such as fluid accumulation or dehydration. This issue is particularly relevant after liver transplantation when patients are highly susceptible to ascites [10, 11] . In contrast, serum albumin levels reflect fluid balance and ascites, but do not provide accurate information regarding general physical status, such as obesity or simple weight loss. Thus, the modified BMI (mBMI) was developed to overcome these limitations [10, 11] , as it combines serum albumin levels and cBMI, and is accurate for assessing patients undergoing liver transplantation [8] [9] [10] [11] . Thus, given the importance of malnutrition in the ICU [1] , mBMI may be a useful prognostic tool in this ICU setting. Therefore, the present study aimed to determine whether 30-day and 1-year mortality after ICU admission are associated with mBMI, cBMI, and/or serum albumin concentration.
Materials and Methods
This retrospective observational study was performed with the approval of the institutional review board of our hospital (B-1706/402-106). Adult patients (≥19 years old) were considered eligible if they were admitted to the ICU between 1 January 2012 and 31 July 2016. Only the final admission was considered in cases with multiple admissions, and cases with inaccurate or incomplete medical records were excluded. As of August 2017, our hospital is a 1360-bed capacity tertiary care hospital with 111 ICU beds in 5 ICUs (medical, surgical, neurological, emergency I, and emergency II). Since 2003, our hospital has managed all medical records using an electronic medical record system.
Definition of mBMI
The mBMI values were calculated as cBMI (kg/m 2 ) × serum albumin (g/L) based on the methods of previous studies [8, 9] . Height (cm) and weight (kg) were measured at ICU admission, while the serum albumin level was selected from the test that was closest to the ICU admission date. In our hospital, laboratory tests for serum albumin are routinely performed for most ICU patients within 1 day after ICU admission or immediately before ICU admission.
Data Collection and Outcome
The retrospectively collected data included sex, age, height, weight, cBMI, mBMI, length of hospital and ICU stay, Acute Physiology and Chronic Health Evaluation II score, medical history (hypertension, diabetes mellitus, ischemic heart disease, and/or liver disease), diagnosis of cancer, blood laboratory test results, and date of death.
Only laboratory results obtained immediately after ICU admission were used. A history of ischemic heart disease was defined as diagnoses ranging from stable angina to myocardial infarction. Dates of death were determined with approval from the Korean Ministry of the Interior and Safety, and the analyses extended until 1 August 2017. All data were collected by members of the medical informatics team, who were blinded to the study objectives, and the main researchers were blinded to the data until the final statistical outcomes were derived.
The primary endpoint was the association between mBMI at ICU admission with 30-day and 1-year mortality after ICU admission, while the secondary endpoint was the comparison of mBMI with cBMI and albumin levels.
Statistical Analysis
The patients' characteristics were presented as number (%) or median [Interquartile range]. After testing for normality of the data of the continuous variables according to 30-day mortality and 1-year mortality using the Kolmogorov-Smirnov test, continuous variables were compared using the Mann-Whitney U test, while categorical variables were compared using the chi-square test. We used restricted cubic splines to illustrate the log odds of 1-year mortality according to the three prognostic variables (cBMI, mBMI and albumin). Univariate Cox logistic regression analyses were initially performed, and variables with p-values <0.1 were subsequently included in the multivariate Cox logistic regression analyses to determine whether the prognostic variables were associated with 30-day and 1-year mortality after ICU admission. In this Cox regression model, we divided the mBMI, cBMI and albumin values into quartiles to compare hazard ratios (HRs) with 95% confidence intervals (CIs) for 30-day and 1-year mortality after ICU admission.
Finally, receiver operating characteristic (ROC) curve analysis was used to evaluate the prognostic values of the variables, and covariate-adjusted ROC curve analyses were used to determine the adjusted areas under the curves (AUCs), which were compared using Delong's test. All analyses were performed using R software (version 3.3.2; http://www.R-project.org), and differences were considered statistically significant at p-values of <0.05.
Results
Between 1 January 2012 and 31 July 2016, 9354 patients were admitted to the ICUs of our hospital. After excluding 2324 cases with multiple admissions, and 861 patients with missing or inaccurate data regarding BMI or serum albumin from the ICU admission, the final analyses included data from 6169 patients. These patients' demographic and clinical characteristics are shown in Table 1 . 
Relationships between 30-Day Mortality, 1-Year Mortality and the Prognostic Variables (cBMI, mBMI,
and Albumin) Figure 1 shows the relationships between 1-year mortality after ICU admission and cBMI (A), mBMI (B), and albumin (C). These relationships were illustrated using restricted cubic splines, and the results indicated that decreasing values of the prognostic variables were associated with increasing 1-year mortality after ICU admission. 
Risks of 30-Day and 1-Year Mortality after ICU Admission According to cBMI, mBMI, and Albumin Values
Appendix A Tables A1 and A2 shows the results of the univariate Cox regression analyses of 30-day and 1-year mortality after ICU admission among all patients. Table 2 shows the results of the multivariate Cox regression analyses, which revealed that 30-day mortality was independently associated with cBMI (HR of Q3 (versus Q1): 0.706, 95% CI: 0.541-0.922, p = 0.010), mBMI (HR of Q2 (versus Q1): 0.556, 95% CI: 0.449-0.712; HR of Q3 (versus Q1): 0.296, 95% CI: 0.216-0.404; HR of Q4 (versus Q1): 0.223, 95% CI: 0.155-0.320; all p < 0.001) and serum albumin (HR of Q2 (versus Q1): 0.385, 95% CI: 0.306-0.485; HR of Q3 (versus Q1): 0.182, 95% CI: 0.124-0.268; HR of Q4 (versus Q1): 0.131, 95% CI: 0.081-0.210; all p < 0.001). Table 3 shows the results of the multivariate Cox regression analyses, which revealed that 1-year mortality was independently associated with cBMI (HR of Q2 (versus Q1): 0.715, 95% CI: 0.618-0.828; HR of Q3 (versus Q1): 0.525, 95% CI: 0.445-0.619; HR of Q4 (versus Q1): 0.471, 95% CI: 0.395-0.561; all p < 0.001), mBMI (HR of Q2 (versus Q1): 0.529, 95% CI: 0.459-0.611; HR of Q3 (versus Q1): 0.302, 95% CI: 0.252-0.363; HR of Q4 (versus Q1): 0.207, 95% CI: 0.165-0.258; all p < 0.001) and serum albumin (HR of Q2 (versus Q1): 0.509, 95% CI: 0.444-0.584; HR of Q3 (versus Q1): 0.264, 95% CI: 0.214-0.324; HR of Q4 (versus Q1): 0.221, 95% CI: 0.172-0.282; all p < 0.001). Table 4 shows the results of the covariate-adjusted ROC analyses. The highest adjusted AUC was observed for mBMI (0.819, 95% CI: 0.800-0.827), which was followed by albumin (0.808, 95% CI: 0.794-0.822) and cBMI (0.784, 95% CI: 0.769-0.798) ( Figure 2 ). However, comparing the adjusted AUCs from Delong's test, the adjusted AUCs of mBMI and albumin were not significantly different (Z = −1.653, p = 0.098), while the adjusted AUCs of mBMI and albumin were higher than that of cBMI (adjusted AUC of cBMI versus mBMI: Z = 8.216, p < 0.001, adjusted AUC of cBMI versus albumin: Z = 4.536, p < 0.001). 
Discussion
The present study showed that cBMI, mBMI and albumin values at ICU admission were associated with 30-day and 1-year mortality after ICU admission. Although mBMI had a higher AUC of association with 1-year mortality after ICU admission than cBMI before and after adjusting for covariates, mBMI did not show a significantly higher AUC than serum albumin. This means that combining cBMI and serum albumin level did not increase the validity of the AUC of albumin for mortality after ICU admission. This is in accordance with the results of previously published reports [12] .
Patients admitted to the ICU have increased incidence of sepsis [13] and acute respiratory distress syndrome [14] , or are more likely to be elderly patients with other severe illnesses [15] . In this context, malnutrition is linked to immune function, and various studies have examined nutritional support for enhancing the immune functions of patients in the ICU [16, 17] . In this regard, serum albumin and cBMI are considered important factors associated with malnutrition among patients [4, 5] . Moreover, as cBMI and albumin are closely associated with pressure ulcer development in the ICU [18, 19] , it is possible that mBMI may predict pressure ulcer development in the ICU, although additional studies are needed to test this hypothesis. Based on this, we hypothesized that using mBMI, which simultaneously reflects cBMI and serum albumin, would better show the association with mortality after ICU admission than cBMI or serum albumin alone. However, combining cBMI and albumin did not increase the validity of the AUC of albumin in association with 1-year mortality as we reported in our previous study for general surgical patients [12] .
The HRs of 1-year mortality for cBMI and mBMI exhibited an interesting pattern, with low cBMI or mBMI values associated with sharply increased risks of 1-year mortality, while elevated cBMI or mBMI values were not associated with large increases in the risk of 1-year mortality. Previous studies have indicated that obesity is an independent risk factor for mortality among patients in the ICU [20] , while others have indicated that overweight or obese status can protect against mortality in this setting [21] . Furthermore, another study has indicated that high cBMI was not related to mortality in the ICU, although obesity based on sagittal abdominal diameter was an independent risk factor for mortality [22] . Thus, the relationship between obesity/cBMI and mortality among patients admitted to the ICU remains controversial. However, it is important to consider the prevalences of obesity when comparing the results from American and Korean studies. In the U.S., 34.9% of adults had a cBMI of ≥30 kg/m 2 during 2011-2012 [23] , compared to a Korean prevalence of only 4.1% for a cBMI of ≥30 kg/m 2 in 2007 [24] . Therefore, national and regional differences must be considered when evaluating the effects of high cBMI or mBMI on patients in the ICU.
Unlike albumin or cBMI, which have widely accepted normal ranges, there is no clear standard for categorizing mBMI, as only a few studies have examined this issue. Tanaka et al. have classified mBMI into six groups (<600, 600-800, 800-1000, 1000-1200, 1200-1400, and >1400) [9] , while Suhr et al. have reported a high mortality rate after liver transplantation among patients with an mBMI of <600 [10] . In our study, we divided the mBMI values into quartiles to compare HRs (Q1 < 636.0, 636.0 ≤ Q2 ≤ 759.0, 759.0 < Q3 ≤ 884.0, and Q4 > 884.0) with cBMI and albumin. Therefore, these cut-off values of mBMI can be useful references for previous studies [9, 10] .
The present study has several limitations. First, the retrospective design is associated with risks of selection bias. However we tried to minimize selection bias; data collection was conducted by medical records technicians, who were blinded to the study objectives. Second, the evaluation of patients from a single center precludes generalization to other centers or populations. Third, the relatively low prevalence of obesity in Korea may also preclude generalization to other populations. Fourth, considering that laboratory tests for serum albumin concentration are not routinely performed in other settings outside the ICU, the prognostic value of mBMI might have limited utility in clinical practice. Lastly, we did not have access to detailed mortality data and the deaths could have been unrelated to the indications for ICU admission, although we can confirm that the dates of death were accurate based on data from the Korean government.
The present study showed that low values of mBMI, cBMI, and albumin were independently associated with 30-day and 1-year mortality after ICU admission. While mBMI had higher prognostic value for association with 1-year mortality than cBMI, it was not significantly different in prognostic value from serum albumin level. Therefore, our study showed that serum albumin alone, rather than mBMI (adding cBMI), is recommended in predicting mortality among patients in the ICU. Acknowledgments: None; This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors. 
Conflicts of Interest:
The authors declare no conflict of interest. 
Appendix A

